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Abstract: Investigations into the microbial flora of wounds began in the late 19th century. Since then, 
improvements in techniques have facilitated the recov ry, identification and enumeration of a wide variety of 
microbial species. The increased antibiotic resistance of numerous bacterial species isolated from various 
wounds and inflammatory lesions constitutes an increasingly important problem. Honey and propolis are be
products that have been used for centuries in traditional medicine (Ghisalberti 1979; Zumla and Lulat 1989) and 
have received attention from the general population because of their health claims (Dobrowolski et al. 1991). 
These products could easily represent an alternative to drug therapy, with both increased bioavailability and 
healing effects. 
 
Most wounds support relatively stable polymicrobial communities (Bowler et al. 
2001), often without signs of clinical infection (Hansson et al. 1995). However, potential 
pathogens may be present and the delicate balance between a colonized wound and an 
infected wound depends on the interplay of complex host and microbial influences 
(Emmerson 1998). The development of wound infection has deleterious effects on patients by 
causing increased pain, discomfort and inconvenience and can lead to life-threatening illness 
or even death. Also, it interrupts the healing process, contributing to extended hospital stays, 
as well as increased treatment costs in terms of antibiotics, dressings and staff time. Both 
topical antimicrobial agents (O'Meara et al. 2001) and appropriately selected antibiotics 
(Bowler et al. 2001) are valuable in the treatment of infected wounds but the routine use of 
systemic antibiotics for chronic wounds without signs of clinical infection is not 
recommended (O'Meara et al. 2001). 
Antimicrobial agents have been applied to wounds for th usands of years (Moellering 
1995) but many ancient remedies have been discontinued because the evidence to support 
their efficacy was anecdotal. Continued use of systemic and topical antimicrobial agents has 
provided the selective pressure that has led to the em rgence of antibiotic-resistant strains 
which, in turn, has driven the continued search for new agents. Unfortunately, the increased 
costs of searching for such agents and the decreasing rate of their discovery (Moellering 
1995) has made the situation increasingly urgent and the prevalence of antibiotic-resistant 
microbial species now justifies the re-evaluation of former treatments (Anon. 1998). 
The medicinal use of honey in wound treatment is derived from diverse ancient 
civilizations (Jones 2001). The antibacterial propeties of honey were recognized more than a 
century ago and have subsequently been extensively studied (Molan 1992a, 1992b). A wide 
range of microbial species has been shown to be inhibited by honey but reported 
susceptibilities are not consistent. Failure to identify the botanical sources of honeys used in 
many of those studies, or to determine their antibac erial potency, makes comparison of 
reported sensitivities unreliable. It is remarkable that ancient physicians were selective in the 
honeys that they utilized in their remedies (Jones 2001), although the underlying principles 
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would have been obscure. Now it is possible to determine quantitatively the antibacterial 
activity of a honey (Allen et al. 1991) and also to discriminate between honeys whose mode 
of action involves factors beyond their osmolarity in limiting bacterial growth (Allen et al. 
1991). In most honeys this depends on the enzymic generation of hydrogen peroxide to 
varying degrees (Molan 1992a) but, in some honeys, there are additional phytochemical 
antibacterial factors (Molan 1992a). In recent studies, the susceptibility of wound pathogens 
(Willix et al. 1992) and bacteria isolated from infected wounds (Cooper and Molan 1999; 
Cooper et al. 1999) to honeys of known floral source and defined antibacterial activity has 
been reported. However, the inhibition of antibiotic-resistant bacteria by honey has not been 
fully explored. Using characterized honeys, this study aims to extend the range of wound 
pathogens whose susceptibility to honey has been determined and to compare the 
susceptibilities of antibiotic-sensitive strains with those of antibiotic-resistant strains. Also, to 
demonstrate unequivocally that inhibition of bacterial species by natural honey in tests in 
vitro is not exclusively due to osmotic effects, an artificial honey (a solution of sugars as in 
honey) was included in the assays. 
The antimicrobial effects of honey are not solely from the osmotic effect (as discussed 
for sugar), but can also be attributed to low pH, hydrogen peroxide, and yet unidentified 
substances in honey described as inhibines. The mode of action of honey has not yet been 
fully elucidated, but osmolarity, acidity, hydrogen peroxide generation and phytochemical 
components are considered important (Molan 1992a). In undiluted honey, the osmolarity and 
acidity undoubtedly limit bacterial growth. When many honeys are diluted, a bee-derived 
enzyme (glucose oxidase) present in the honey is activated and catalyses the slow generation 
of hydrogen peroxide which inhibits bacterial growth (White et al. 1963). This activity varies 
markedly from honey to honey (Molan 1992b). Generally, the phytochemical components 
make only a minor contribution to the antibacterial activity of honey but, for a few honeys 
(e.g. manuka honey), unidentified phytochemical comp unds make a major contribution 
(Molan 1992b). Honey has been effective in treating burns, pressure ulcers, and traumatic and 
surgical wounds in humans. Most studies have found that there are no differences in 
bacteriostatic activity between full-strength honey and sugar syrup, but honey is much more 
bactericidal. At dilute concentrations, honey is more bacteriostatic and bactericidal. Honey is 
inhibitory against all bacteria except Pseudomonas aeruginosa and Clostridium oedematiens. 
Honey, like sugar, has been found to have the same ben ficial effects on wounds—decreases 
wound edema, helps attract macrophages to further cleanse the wound, accelerates sloughing 
of devitalized tissue, and allows formation of a protective layer of protein over the wound and 
granulation tissue.  
Any possible remedy that is cheap, non-toxic and unlikely to select for further 
antibiotic-resistant strains merits investigation, a d honey seems to be in this category. Honey 
offers promise as an effective wound antiseptic, with broad spectrum antimicrobial activity. 
Also, honey does not adversely affect human tissue (Molan 1998), unlike other topical 
antimicrobial agents (Ward and Saffle 1995). Not only has it the potential to limit the growth 
of wound pathogens, but there is evidence that honey has the potential to promote healing 
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